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(54)TiUe: SUDING RECONSTTTUTION DEVICE WITH SEAL 
(57) Abstract 

The present invention provides a connector device (10) for establishing fluid 
communication between a first container (12) and a second container (14). The device 
(10) has a first sleeve member (30) having a first end (40) and a second end (42). the first 
sleeve member (30) having at the first end (40) a first attaching member adapted to attach 
to the first container (12). The device (10) further has a second sleeve member (32) having 
a first end (80) and a second end (82), the second sleeve member (32) being associated 
with the first sleeve member (30) and movable with respect thereto from an inactivated 
position to an activated position, the second sleeve member (32) having at the second end 
(82) a second attaching member adapted to attach the second sleeve member (32) to the 
second container (14). Fu^t and second piercing members (34) project from one of the 
first and second sleeve members (30. 32) for providing a fluid flow path from the first 
container (12) to the second container (14), and the first and second piercing members 
(34) are independently hermetically sealed. 
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SLIDING RECONSTITUTION DEVICE WITH SEAL 

Related Applications 

The present Application is a PCT Application based on U.S. Patent Application No. 
08/986,580, filed on December 4, 1997 and entitled "Sliding Reconstitution Device With Seal" 
and U.S. Patent Application No. 09/1 53, 116, filed on September 15, 1998 and entitled "Vial 
5 Connecting Device For A Sliding Reconstitution Device With Seal." 

DESCRIPTION 

Technical Field 

The present invention relates generally to the delivery of a beneficial agent to a patient. 
1 0 More specifically, the present invention relates to an improved device for reconstituting a 

beneficial agent to be delivered to a patient 

Background of the Invention 

Many drugs are unstable even for a short period of time in a dissolved state and 

therefore are packaged, stored, and shipped in a powdered or lyophilized state to increase their 
1 5 shelf life. In order for powdered drugs to be given intravenously to a patient, the drugs must 

first be placed in liquid form. To this end, these drugs are muted or reconstituted with a diluent 

before being delivered intravenously to a patient The diluents may be, for example, a dextrose 

solution, a saline solution, or even water. Typically the drugs are stored in powdered form in 

glass vials or ampules. 

20 Other drugs, although in a liquid state, must still be diluted before administering to a 

patient. For example, some chemotherapy drugs are stored in glass vials or ampules, in a 
liquid state, but must be diluted prior to use. As used herein, reconstitution means to place the 
powdered drug in a drug already in liquid form, as well as, to further dilute a liquid drug. 
Many companies that manufacture the drug do not make the diluent, and vice versa; 

25 therefore, the lyophilized drug and the diluent are sold separately. It is necessary for the 

doctor, pharmacist, nurse, or other medical personnel to mix the drug with diluent prior to use. 
Reconstituting the drug presents a number of problems. The reconstitution procedure is time 
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consuming and requires aseptic technique. Further, the proper drug and diluent must be 
utilized or the product must be disposed of. 

The reconstitution procedure should be performed under sterile conditions. In some 
procedures for reconstituting, maintaining sterile conditions is difficult. Moreover, some 
5 drugs, such as chemotherapy drugs, are toxic and exposure to the medical personnel during the 
reconstitution procedure can be dangerous. One way of reconstituting a powdered drug is to 
inject the liquid diluent directly iiito the drug vial. This can be performed by use of a 
combination-syringe and syringe needle having diluent therein. In this regard, drug vials 
typically include a pierceable rubber stopper. The rubber stopper of the drug vial is pierced by 

1 0 the needle, and liquid in the syringe is then injected into the vial. The vial is shaken to mix the 
powdered drug with the liquid. After the liquid and drug are mixed, a measured amount of the 
reconstituted drug is then drawn into the syringe. The syringe is then withdrawn from the vial 
and the drug can then be injected into the patient. Another method of drug administration is to 
inject the reconstituted drug, contained in the syringe, into a parenteral solution container. 

1 5 Examples of such containers include the MINIB AG™ flexible parenteral solution container or 
VIAFLEX® flexible parenteral solution container sold by Baxter Healthcare Corporation of 
Deerfield, IL. These parenteral solution containers may abeady have therein dextrose or saline 
solutions. The reconstituted drug is injected into the container, mixed with the solution in the 
parenteral solution contamer and delivered through an mtravenous solution administration set 

20 to a vein access site of the patient. 

Another method for reconstituting a powdered drug utilizes a reconstitution device sold 
by Baxter Healthcare Corporation, product code No. 2B8064. That device includes a double 
pointed needle and guide tubes mounted around both ends of the needle. This reconstitution 
device is utilized to place the drug vial in flow communication with a flexible-walled 

25 parenteral solution container. Once the connection is made by piercmg a port of the flexible 
container with one end of the needle and the vial stopper with the other end of the needle, 
liquid in the solution container may be forced through the needle into the drug vial by 
squeezing the sidewalk of the solution container. The vial is then shaken to mix the liquid and 
drug. The liquid in the vial is withdrawn by squeezing air from the solution container into the 

30 vial. When compression of the flexible walled solution container is stopped, the pressurized 
air in the vial acts as a pump to force the liquid in the vial back into the solution container. 
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An improvement to this product is the subject of commonly assigned U.S. Pat No. 
4,607,671 to Aalto et al. The device of that invention includes a series of bumps on the inside 
of a sheath to grip a drug vial. These bumps hinder the inadvertent disconnection of the device 
with the vial. 

U.S. Pat. No. 4,759,756 discloses a reconstitution device which, in an embodiment, 
includes an improved vial adaptor and bag adaptor that pemiit the permanent coupling of a vial 
and liquid container. The bag adaptor is rotatable relative to the vial adaptor to either block 
fluid communication in a first position or effect fluid communication in a second position. 

Another form of reconstitution device is seen in commonly assigned U.S. Pat No. 
3,976,073 to Quick et al. Yet another type of reconstitution device is disclosed in U.S. Pat. No. 
4,328,802 to Curley et al., entitled "Wet-Dry Syringe Package" which includes a vial adaptor 
having inwardly directed retaining projections to firmly grip the retaining cap lip of a drug vial 
to secure the vial to the vial adaptor. The package disclosed by Curley et al. is directed to 
reconstituting a drug by use of a liquid-filled syringe. 

Other methods for reconstituting a drug are shown, for example, in commonly assigned 
U.S. Pat Nos. 4,410,321 to Pearson et al., entitled "Close Drug Delivery System"; 4,41 1,662 
and 4,432,755 to Pearson, both entitled "Sterile Coupling"; 4,458,733 to Lyons entitled 
"Mixing Apparatus"; and 4,898,209 to Zdeb entitled "Sliding Reconstitution Device With 
Seal." 

Other related patents include U.S. Pat. No. 4,872,867 to Kilinger entitled "Wet-Dry 
Additive Assembly"; U.S. Pat. No. 3,841 ,329 to Kilinger entitled "Compact Syringe"; U.S. 
Pat. No. 3,826,261 to Kilmger entitled "Vial and Syringe Assembly"; U.S. Pat No. 3,826,260 
to Kilinger entitled "Vial and Syringe Combination"; U.S. Pat No. 3,378,369 to KUinger 
entitled "Apparatus for Transferring Liquid Between a Container and a Flexible Bag"; and 
German specification DE OS 36 27 231. 

Commonly assigned U.S. Pat No. 4,898,209 to Zdeb (the 709 Patent), discloses a 
sliding reconstitution device which solved some of the problems associated with conventional 
reconstitution systems. (See Figure 1). As can be seen in Figure 1, the '209 Patent discloses a 
first sleeve member that is mounted concentrically about a second sleeve member. The sleeve 
members can be moved axially with respect to each other to cause a needle or cannula to pierce 
a drug container and a diluent container to place the containers in fluid communication with 
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each other. The process for using the '209 connector requires three distinct steps. The sleeves 
have to be rotated with respect to one another to move the device into an unlocked position. 
The sleeves are then moved axially with respect to one another to an activated position to 
pierce closures of the containers. The sleeves are rotated again, in a direction opposite of that 
5 direction taken in the first step, to lock the sleeves in the activated position. 

The connector described in the '209 Patent allowed for preattaching the device to a vial 
without piercing a closure of the vial. However, no seal was provided on the opposite end of 
the connector, so the vial and device assembly had to be used relatively quickly after 
connection or stored in a sterile environment, such as under a hood. Also, the '209 Patent does 
1 0 not disclose any structure for preventing the device from becoming inadvertently disassembled 
when being moved to the activated position. The second sleeve is capable of sliding entirely 
through the first sleeve member and becoming disassociated from the first sleeve member. 
This would require the medical personnel to either reassemble the device, or, potentially, 
dispose of it due to contamination. 

15 The device described in the *209 Patent, also does not provide a visual indication that 

the device is in the activated position. It is also possible for the device described in the '209 
Patent to be inadvertently moved to the inactivated position, by merely rotating the first and 
second sleeve members in a direction opposite of that taken in the third step described above. 
Additionally, it was possible for the second container, which is frequently a vial, to 

20 rotate withm the device. This could cause coring of the vial stopper which could lead to 

leakage of the vial stopper. Additionally it was possible for a vial to be misaligned while being 
attached to the device, causmg the attachment process to be difficult for medical personnel. 
Further, the connector could be relatively easily removed from the vial. Removal of the vial 
could remove all evidence that the reconstitution step had occuired and, possibly, lead to a 

25 second unintended dosage of medicine being administered. Finally, the seal had a sleeve that 
covered only a portion of the cannula. The sleeve of the seal was relatively resilient and had 
the tendency to push the connector away from the drug container when docked thereto and 
activated. 

Yet another coimector for attaching a drug vial to a parenteral solution container is 
30 disclosed in U.S. Patent No. 4,675,020. The '020 patent discloses a connector having an end 
that docks to a drug vial and an opposite end that connects to the solution container. A 
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shoulder and an end surface of the vial are held between first and second jaws of the vial end of 
the connector. The second jaws 71 terminate in a relatively sharp point that digs into and 
deforms the outermost end surface 94 of the vial sufficiently to accommodate dimensional 
variations between the shoulder and the outermost end surface of the vial. The marks that are 
5 left in the deformable end surface of the vial are intended to provide a tamper evident 

indication. However, tamper evident marks may not be left in vials that have a cap that is too 
short to impinge upon the sharp points. 

The connector disclosed in the '020 Patent has a spike 25 that penetrates stoppers on 
the vial and on the solution container to place these containers in fluid communication. 

1 0 However, because the spike 25 extends outwardly beyond skirt sections 57, the '020 connector 
cannot be preattached to the fluid container or the drug container without piercing the stoppers 
of each. This is undesirable, as it uxitiates the time period in which the drug must be used, and 
typically this is a shorter period relative to the normal shelf-life of the drug product. (The *020 
Patent states that the connector may be preassembled onto a drug vial (col. 6, lines 40-49), but 

1 5 there is no detailed description of a structure that would allow such pre-assembly). 

The *020 device also does not provide a structure for preventing a docked vial from 
rotating relative to the spike 25. A closure of the vial can become damaged or cored upon 
rotation, which in turn, can lead to particles from the closure from entering the fluid that 
eventually passes to a patient. It can also lead to leakage of the closure of the vial. 

20 Summary Of The Invention 

The present invention provides a fluid reconstitution device. To this end, there is 
provided a device having a first sleeve member and a second sleeve member which are 
operatively engaged so that the first sleeve can slide axially relative to the second sleeve 
member. At one end of the first sleeve there is included a means for cormecting the sleeve to a 

25 first container of diluent, for example a flexible parenteral bag. The second sleeve member is 
adapted at an end opposite the first container to connect to a second container of a beneficial 
agent, such as a standard drug vial. The beneficial agent may be a drug in liquid or lyophilized 
form. A piercing member is provided within one of the first and second sleeve members. 
Preferably the piercing member is a double-ended cannula for accessing both the first and 

30 second containers and to establish fluid conununication therebetween. 
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The device is movable between an inactivated position and an activated position. 
When in the second activated position the first and second containers are punctured by the 
piercing member, placing them in fluid communication so the drug and the diluent may be 
mixed. 

5 The second sleeve member ftirther includes means for sealing an end of the second 

sleeve member to the second container. Preferably, the seal is an elastomeric disk-shaped 
septum having an axially extending resilient sleeve member that is dimensioned to fit about the 
piercing member to protect it from contamination. In a more preferred embodiment, the 
septum also includes a centrally disposed, axially extending annular ridge that is dimensioned 

1 0 to form a fluid-tight seal with an aperture of the second container. 

In an embodiment, the coupling device includes a means for preventing the device from 
inadvertently moving from the activated position to the inactivated position. In a more 
preferred embodhnent, the means for locking is a deformable protuberance on one of the sleeve 
members which causes an interference fit between the first and second sleeve members. 

1 5 In another embodiment of the device there is included a barrier which covers the 

proximal end of the first sleeve member. In the presently preferred embodiment, the barrier is 
a thin metal fihn which overlays the opening of the first sleeve member to protect the cannula 
fix)m contamination during handling. It is also possible to use a polymeric based barrier such 
as TYVEK®, or paper and the like. 

20 In another embodiment, the coupling device includes a plurality of circumferentially 

spaced and axially extending segmented fingers located on the proximal end of the second 
sleeve member that are adapted to engage the second container. In a more preferred 
embodhnent, the fingers include a flat lead-in section which guide the fingers over an end of 
the second container to assist in connecting the device to the second container. The fingers 

25 further include a tapered section extending from the lead-in section which terminate to form a 
buttress for firmly engagmg the second container. When the second container is a drug vial, 
the connector may be docked to the drug vial without piercmg a stopper of the vial. This is 
significant because piercing the stopper of the vial starts the docked dating time period. 
Because simply attaching the connector to the vial does not result in a piercing of the via 

30 stopper, the connector can be connected to the vial for a period equivalent to the vial expiration 
period. 
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In another embodiment, the coupling device includes a means for visually indicating 
that the coupling device is in the activated position. In the most preferred embodiment, the 
means is a color indication system whereby portions of the fu-st sleeve member, which are not 
visible when in the activated position, are a different color than portions of the first sleeve 
5 member that are visible when in the activated position. Thus, in the inactivated position one 
can see two different colors, but in the activated position only one color is visible. 

In another embodiment, the coupling device includes a means for preventing the first 
sleeve member firom becoming disassociated fi"om the second sleeve member. In a more 
preferred embodiment, the second sleeve member forms a channel for the first sleeve member 
1 0 and slidingly receives the first sleeve member. A bushing having a diameter greater than that 
of the second sleeve member is connected to the proximal end of the first sleeve member, 
preventing it firom becoming disassociated when being moved fi-om the inactivated position to 
the activated position. 

According to another aspect of the invention, the connector has a septum having a disk 
1 5 having opposing first and second surfaces. The septum fiirther has a well portion extending 
axially 6om the first surface of the disk and a sheath extending axially from the well portion. 
An annular ridge extends from the second surface of the disk. The annular ridge has a flared 
distal end that is dimensioned to form a fluid tight seal with the closure of the container. 

According to a further aspect of the invention, the connector has a septum positioned on 
20 the second attaching member, and adapted to be positioned between the piercing member and 
the second container. The septum has a vertical peripheral edge and an inclined peripheral 
edge. A gusset is located on the second attaching member and has a vertical gusset surface and 
an inclined gusset surface. The vertical gusset surface confi-onts the vertical peripheral edge 
and the inclined gusset surface confi-onts the inclined peripheral edge. 
25 Brief Descrip tion Of The Drawing ^a 

Figure 1 is a figure selected fi-om U.S. Patent No. 4,889,209, including its reference 
numerals; 

Figure 2 is a elevational view in partial cross section of a reconstitution device of the 
present invention docked to a drug vial and parenteral container and in the inactivated position; 
30 Figure 3 is a partial cross-sectional view of the connector device of FIG. 2 showing the 

connector in an inactivated position; 
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Figure 4 is a cross-sectional view of the connector device of FIG. 2 not docked to a 
parenteral or drug container; 

Figure 5 is an end view of the connector of FIG. 4 taken along lines I-I; 
Figure 6 is and end view of a vial connection end of the connector of the present 
5 invention; 

Figure 7 is a cross-sectional view of a parenteral container connecting end of the 
connector having a blunt piercing member; 

Figure 8 is a cross-sectional view of the connector pre-connected to a vial; and 
Figure 9 is an assembly view in perspective of the connector of the present invention. 
Figure 10 is a partial cross-sectional view of another embodhnent of the connector 
device of the present invention; and 

Figure 11 is an elevational view of the connector device adapted to be connected to a 
liquid container in the form of a syringe. 
Detailed Descriptio n of the Preferred Embodiments 

While the invention is susceptible of embodiment in many different forms, there is 
shown in the drawings and will herein be described in detail a preferred embodiment of the 
invention. It is to be understood that the present disclosure is to be considered as an 
exemplification of the principles of the invention. This disclosure is not intended to limit the 
broad aspect of the invention to the illustrated embodiments. 

The present invention provides a connector device that is used to mix two substances 
within separate contamers. More particularly, the invention provides a device to reconstitute a 
drug with a diluent To accomplish the reconstitution of the drug, the invention provides an 
improved q)paratus for attaching to a first container, commonly a flexible bag, containing a 
diluent, and to a second container, commonly a vial containing a drug to be reconstituted. The 
connector provides fluid communication between the two containers so that the drug may be 
reconstituted, and delivered to a patient While the diluent will be a liquid, the beneficial agent 
may be either a powder or a lyophilized drug to be dissolved or a liquid drug to be reduced in 
concentration. 

Refenring to FIG. 2, a connector device 1 0 of the present invention is illustrated. The 
device 10 is adapted to place a first container 12 containing a liquid to be used as a diluent in 
fluid communication with a second container 14 containing a drug to be diluted or 
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reconstituted. Prior to use, the device has means for independently hermetically sealing 
opposite ends of the device. 

The first container 12 is a flexible bag as is typically used to contain solutions for a 
patient to be received intravenously. Flexible containers are typically constructed from two 
5 sheets of a polymeric material that are attached at their outer periphery to define a fluid tight 
chamber therebetween. At one point on the periphery of the container 12, a tubular port 20 is 
inserted between the sidewalls to provide access to the fluid chamber. The port 20 is typically 
sealed at a distal end with an elastomeric septum 22 or closure. A second port 21 is shown for 
allowing access by a fluid administration set to deliver the reconstituted drug to a patient 

1 0 However, the first container 1 2 could be any container suitable for containing a liquid to be 
used to reconstitute a drug. 

The second container 14, which contains the drug to be reconstituted, is a vial. The vial 
14 is typically a glass container with a rubber stopper 24 inserted in an opening of the vial 14. 
The rubber stopper 24 is held m place by an apertured crimp ring 26 made of a soft metal, such 

1 5 as aluminum, that is crimped around the stopper 24 and the neck of the vial to fixedly attach it 
to the vial 14. Centrally located within the aperture is a target site 27 through which a needle 
or cannula passes to access the stopper of the vial. The device 1 0 can be adapted to accept 
vials of any size, particularly 20mm and 13mm vials. Additionally, the second contamer 14 
could be any container that is adapted to accommodate drugs that require reconstitution. 

20 The connector 10, as stated above, is adapted to connect to both the flexible bag 12 and 

the vial 1 4 and place the contents of the flexible bag 12 and the vial 14 into fluid 
conmiunication with one another. The connector device 10 has first and second sleeve 
members 30 and 32. The first sleeve member 30 is associated with the second sleeve member 
32 for relative axial movement fi-om an inactivated position (Fig. 2) to an activated position 

25 (Fig. 3). What is meant by the activated position is that a piercing member 34 of the 

connector 10 is penetrating the stopper of the vial in a manner v^ich places the flow channel of 
the piercing member in communication with the enclosed volume of the vial. What is meant 
by the mactivated position is that the piercing member 34 of the connector 10 is not penetrating 
the stopper of the vial in a manner which places the flow channel of the piercing member in 

30 conmiunication with the enclosed volume of the vial. While Figure 3 shows the connector 10 
attached to a flexible bag 12, it should be understood that it is not necessary for the connector 
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10 to be connected to a flexible bag 12 to be either in the inactivated or the activated position. 
Preferably, the first and second sleeve members are made using standard injection molding 
techniques, although it vdll be understood that other fabrication techniques may be employed. 
In a preferred embodiment, the first and second sleeves 30 and 32 are made of a rigid yet 
5 deformably polymeric material such as a polycarbonate, polyester, polyolefin, or combinations 
of the same or the like. 

The first inactivated position, as shown in FIG. 2, allows for docking the connector 10 
to both the flexible container 12 and the vial 14 without piercing the sealing member 24 of the 
vial 14. In the activated position, as shown in FIG. 4, a piercing member 34, such as a cannula 

1 0 or needle, has pierced the closures 22 and 24 of both containers 12, and 14 establishing fluid 
conmiunication therebetween for reconstituting a drug contained in the vial 14. 

Referring to FIGS. 2-4 and 9, means are provided for slidably mounting the first sleeve 
member 30 and the second sleeve member and more preferably the first sleeve member 30 is 
slidingly mounted within the second sleeve member 32 for relative axial and rotational 

1 5 movement therein. The first sleeve member 30 has a generally cylindrical wall 33 that defines 
a central channel 35 for receiving a portion of the piercing member 34. The piercing member 
has a central fluid passage 37 to establish a fluid flow path between the first and second 
containers 12 and 14. The first sleeve 30 has a first end 40 for connecting to the container 12 
and a second end 42 for holding the piercing member 34. The second end 42 terminates in a 

20 first flange 44 that has greater diameter than that of the cylindrical wall 33. 

Two circumferentially spaced activation grooves 46 are provided on the outer surface 
33 of the first sleeve 30 and extend across the first flange 44 and terminate at an intermediate 
portion of the cylindrical wall 33. Preferably the activation grooves 46 are spaced about 1 80 
degrees apart and have a generally square-shaped cross section. As will be described below, 

25 the activation grooves 46 accommodate ribs positioned on an interior surface of the second 
sleeve 32 to allow for relative axial movement of the first and second sleeves 30 and 32 when 
the ribs and grooves are brought into alignment. 

The first sleeve 30 fiirther includes two circumferentially spaced axial locking ribs 50 
that extend axially fi-om a top of the first flange 44 and terminate short of the first end 40 of the 

30 first sleeve 30. The axial ribs 50 are each preferably positioned 90 degrees fi-om the activation 
grooves 46. The device also includes means for locking the device in the activated position. 
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To this end, the axial ribs 50 have an enlarged end portion 51 that, as will be described below, 
assist in locking the connector 10 in an activated position. 

A bushing 52 is provided at the first end 40 of the first sleeve 30. The bushing 52 has 
a bushing sleeve 54, an aperture 55, a flange 56 circumjacent the aperture 55, and a foil closure 
5 58. (Fig. 4). The bushing sleeve 54 slides over the cylindrical wall 33 and forms an 

interference fit therewith. A stop 57 is provided on the first sleeve 30 to abut an end of the 
bushing sleeve 54. The stop 57 includes several circumferentially spaced bumps. Preferably, 
the bushing sleeve 54 has an interior surface having two axially spaced annular ribs or ridges 
60 (Fig. 4),that provide a hermetic seal vrith the cylindrical wall 33. The flange 56, as will be 

1 0 explained below, acts as a means for stopping the first and second sleeve members 30 and 32 
firom becoming disassociated from one another when the connector is in the activated position 
and also provides a hand-hold for moving first and second sleeves 30 and 32 axially with 
respect to one another. The means for stopping could be another structure such as a ring or 
washer associated with the first or second sleeve members 30 and 32 to prevent them from 

15 sliding apart. 

The foil seal 58 preferably is heat sealed to the bushing 52 and is releasably attached 
thereto so that it can be peeled away by pulling tear tab 59. It is contemplated by the present 
invention that the seal could be made of aluminum foil or of a polymeric based material such a 
TYVEK®, or spim paper or other material that is capable of being peelably attached to the 

20 bushing and capable of providing a barrier to the ingress of contaminants. It is also 

contemplated that sealing can be accomplished through induction welding or other sealing 
techniques. In preferred embodhnents , the edges engagmg the port tube are relatively sharp to 
more securely grip the port tube. As will be described below, the second sleeve member 32 
has a separate hermetic seal such that the device is independently hermetically sealed at 

25 opposite ends. 

Preferably the bushing is made of a low melting temperature material such as 
polyethylene or the like. 

The first end 40 of the first sleeve member 30 has means for attaching to the first 
container or a first attaching member. In a preferred form, the means includes eight inwardly 

30 and downwardly extending resilient tabs 70. The tabs 70 fold inward and downward when the 
connector 10 is docked to port tube 20. The collective force of the tabs attempting to spring 
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back to their original outwardly-extending position secures the connector 10 to the port tube 
20. The collective force of the tabs attempting to spring back to their original outwardly- 
extending position secures the connector 1 0 to the port tube 20 such that it cannot be detached 
without using a force considerably in excess of that normally used to operate the device. Such 
5 a force likely would break, detach or noticeably deform one or more of the tabs 70 or other 
portions of the connector in the process. Thus, the means fixedly attaches the connector to the 
first container. Though the present device utilizes eight tabs 70, it can be appreciated by one of 
reasonable skill in the art that more or fewer tabs could be utilized without departing from the 
scope of the present mvention. 

10 At the second end 42 of the first sleeve 30 is provided a generally concentrically 

mounted hub 71. The hub 71 extends from a bottom wall 72 of the first sleeve member 30. A 
portion of the piercing member 34a is for piercing the vial stopper 24 and a portion 34b, 
disposed in the central chamber 35, is for piercing the septum 22 of the container 12. The hub 
71 is hermetically sealed to the piercing member 34 and has a lead-in section for guiding an 

1 5 enlarged end of the septum over the hub during assembly. 

In the presently preferred embodiment, the piercing member 34 is a metal cannula that 
has oblique angles or bevels 73 on each end. It is also possible to fabricate the cannula 34 
fi-om a plastic material. For a plastic cannula, it is possible to fabricate the caiuiula 34 
integrally with the first sleeve member 30 such as by molding. It is also possible for the 

20 piercing members 34a and 34b to be separate pieces that are connected together. It is also 
contemplated that one piercing member could be made of a polymeric material and the other 
piercing member made of metal. 

The second sleeve member 32 has first and second end portions 80 and 82 respectively. 
The first end portion, 80 has a first diameter and the second portion 82, or proximal end, has a 

25 second diameter which is greater than the first diameter. In a preferred form, the first and 
second portions 80 and 82 are generally cylindrical in shape and are concentrically disposed to 
define a channel 83 in which the first sleeve 30 is received. 

Referring to FIG. 6, the second portion 82 of the second sleeve 32 preferably has means 
for attaching, and preferably means for fixedly attaching, the device to the vial 14 or a second 

30 attaching member. The means shown is six circumferentially disposed and axially extending 
segmented fingers 84 for connecting to the vial 14, The segmented fingers 84 are generally 



wo 99/27886 PCT/US98/24665 

13 

trapezoidal shaped and are separated by gaps 85 to define a vial receiving chamber 86 for 
receiving a top of the vial 14. Though the present device utilizes six segmented fingers 84, it 
can be appreciated by one of reasonable skill in the art that more or fewer fingers could be 
utilized without departing from the scope of the present invention. 

What is meant by "fixedly attaching" is that in order to remove the vial fi-om the 
connector one would have to exert a force considerably in excess of that normally used to 
operate the device. Such a force likely would break, detach or noticeably deform one or more 
of the segmented fingers 84 or other portions of the connector in the process. 

As shown in FIG. 6, all of the fingers 84 include a flat lead-in section 87, which helps 
to properly align the vial 14 to be properly aligned with the second sleeve member 32 while 
being attached to the second sleeve member 32. Three of the fingers 84a also include, adjacent 
to the flat lead-in section 87, radially inwardly tapering resilient tabs 88, from a distal end to a 
proximal end, past which the medical professional must urge a neck 90 of the vial 14 in order 
to connect it to the second sleeve member 32. It can be appreciated that the tabs are capable of 
flexing and the fingers are capable of independentiy flexing to accommodate varying diameter 
vial closures. Preferably, the distal end of the fingers have a radiused end that is smooth to 
avoid cutting the medical personnel handling the connector. The tabs 88 shown have a space 
. 89 between the distal end of the tab and the finger. However, the tabs 88 could also be formed 
as solid bumps without departing fi-om the invention. 

As best seen in Figure 6, the remaining tiiree fingers 84b have axially extending, 
standing ribs 92 extending firom a generally wedge shaped gusset 96. The gusset 96 spaces the 
standing ribs 92 firom tiie annular shelf 97. The firant, axially-inward end of the gusset 98 is 
essentially flush witii the annular shelf 97. The gusset has an upwardly sloping deck 100 from 
which the standing ribs 92 extend from a generally central portion thereof In a preferred form, 
flie standing ribs 92 extend axially-outwardly beyond a distal end of the tabs 88 to assist in 
aligning the vial with the vial receiving chamber 86 during insertion. The standing ribs 92 are 
capable of indenting one or more sidewall portions 102 of the metal crimp 26 of the vial 14 in 
order to inhibit the vial 14 the elastomeric closures 22 and 24 of the vial 14 and the flexible 
container 12 by the piercing member 34. Rotation of the vial can also cause the piercing 
member to pierce a sheath 106 which covers the piercing member 34. 
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While three fingers with resilient tabs 84a and three fingers with axial ribs 84b is 
preferred, providing more or fewer fingers with resilient tabs 88 or ribs 92 would not depart 
fi-om the scope of the present invention. It is also preferable that the fingers the tabs and the 
fingers with the standing ribs are disposed in alternating order. It may also be desirable to 
5 place a flexible restraining member, such as shrink wrap or the like, around the fingers 84 to 
assist in gripping the vial. 

Located within the vial receiving chamber 86 and abutting the annular shelf 97 is a 
sealing member 103 havmg a disk 104 with a chamfer 105 on its peripheral edge. The disk 
104 has a centrally disposed and axially extending sheath 106 that is dimensioned to fit over 

1 0 the piercmg member 34. The sheath 1 06 has an enlarged distal end 1 07 that is dimensioned to 
fit over the hub 71. The enlarged end 107 has an increased cross-sectional thickness that 
increases the grip the sheath has on the hub 71. The sealmg member 106 is made of an 
elastomeric material that is sufficiently deformable so that it does not exert pressure on the vial 
end to cause the piercing member 34 to move away firom the vial stopper 24 when the 

1 5 connector is in the activated position. The sheath 1 06 has a low modulus so that it readily 
folds upon itself when the device is in the activated position. The sealing member 103 
hermetically seals the piercing member 34 from the contamination during storage and 
handling. 

The sealing member 103 also fonns a fluid-tight seal with a top of the vial 14. In a 
20 more preferred embodiment, the disk 1 04 fiirther mcludes a centrally disposed, annular ridge 
109 that extends axially m a direction opposite the sheath 106. The annular ridge 109 is 
dimensioned to tightly and sealingly fit over an q)erture of the vial 14 to prevent leakage fiom 
the vial 14. The annular ridge 109 has an outwardly flaring sidewall 109a that forms a wiper 
seal with the closure of the vial. Further, centrally disposed within the annular ridge, where the 
25 sheath 1 06 joins the disk 1 04, the disk 1 04 has a portion 1 08 that has a reduced cross-sectional 
thickness for ease of piercing of the disk 104 by the piercing member 34. 

Unlike the second jaw identified by reference numeral 74 in U.S. Patent No. 4,675,020, 
discussed above, v\*ich is designed to contact a deformable end surface identified by reference 
numeral 94 of a drug vial to accommodate dimensional differences in the height of the crimp 
30 ring of a drug vial, the standmg ribs 92 of the present invention do not contact a deformable 
end surface of the metal ring 26. Thus, the standing ribs do not account for dimensional 
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differences in the distance between a shoulder of the vial and a deformable end surface. In fact, 
when the vial 14 is docked to the connector 10, the standing rib 92 cannot contact the 
deformable end surface of the vial as die deformable end surface is fully covered by the sealing 
member 103. Instead, the present device accounts for dimensional differences in the heights of 
the top of vials using the sealing member 103. The disk 1 04 and the sheath 106 of the flexible 
sealing member 103 deform to account for dimensional differences in the height of the top of a 
vial. Because of the expanded area, as well as the readily deformable nature of the disk 104 the 
sealing member 103 can account for a wider range of dimensional tolerances in the top of the 
vial and therefore is an improvement over the sharp projections of the second jaw of the '020 
Patent. 

Figures 4 and 9 show a means 11 1 for hermetically sealing the second end of the 
second sleeve 32. The means for sealing 1 1 1 operates independently of the means for sealing 
the first end of the first sleeve. That is to say that the means for sealing 1 1 1 can be removed 
while the first end 40 of the first sleeve 32 is sealed by the closure 58. The means 1 1 1 
preferably is releasably attached to the second sleeve member 32 and is capable of providing a 
tamper evident indication that the sealing means has been removed. The sealing means 1 1 1 
and can be a cap that fits over the second end of the second sleeve 32, a barrier material such as 
a foil or polymeric material, a break away closure that is frangibly connected to the second 
sleeve member 32, a tear seal or the like. 

Figures 2-4, and 9 also shows that the second sleeve 32 has a sidewall 110 with an 
outer 1 12 and an inner surface 1 14. A set of opposed gripping ribs 116, circumferentially 
spaced 1 80 degrees firom one another, extend along the outer wall, firom a flange 1 1 8 defined at 
the junction of the first and second portions 80 and 82, to a top part of the first portion 80. The 
gripping rib 1 16 tapers 120 inwardly toward the sidewall 1 10 at it uppermost end 122. As will 
be explained below, the gripping ribs 1 16 provide a hand-hold to assist in rotating the first and 
second sleeve members 30 and 32 with respect to one another. 

The device further includes means for visually indicating that the device is in the 
unlocked position. In a preferred form, the gripping ribs provide a visual indication that when 
aligned with the locking ribs 50 of the first sleeve 30, that the first and second sleeves 30 and 
32 are positioned for axial movement. 
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Two axial activation ribs 130 are located on the inner surface 1 14 of the first portion 80 
of the second sleeve 32. The activation ribs 130 extend from proximate the annular shelf 97 
and terminate short of the uppermost end 122. The activation ribs 130 are circumferentially 
spaced 1 80 degrees from one another and each are positioned between the gripping ribs 1 16 on 
5 opposite sides of the second sleeve 32. The activation ribs 130 are dimensioned to fit within 
the activation grooves 46 to allow for relative axial movement of the first and second sleeve 
members 30 and 32. 

As can be seen in Figures 2-S and 9, a second flange 140 is provided on the inner 
surface 1 14 at the uppermost.end 122 of the second sleeve 32. The second flange 140 extends 

10 axially downward and terminates short of a top of the activation ribs 130 to define a gap 142 
therebetween. As shown in Figure 2, when the connector 10 is in the inactivated position, the 
first flange 44 on the first sleeve 30 is positioned within the gap 142 and can rotate therein. 

The connector 10 fiirther includes means for blocking axial movement of the first and 
second sleeve members. To this end and in a preferred form, the second flange 140 fiirther 

15 includes first and second opposed sets of locking grooves 144 and 146 that are separated by a 
deformable protuberance 148. (Fig. 5). When the connector 10 is in the inactivated position, 
the locking ribs 50 of the first sleeve are located within either the first or second locking 
grooves 144 and 146. When the locking ribs 50 engage the first set of locking grooves 144, the 
activation ribs 1 30 will be out of alignment with the activation grooves 46 and will be blocked 

20 fi-om axial movement by abutment of the first flange 44 and the activation ribs 130. Since no 
axial movement is possible in this position, the device 10 is in a locked position. Figure 5 
shows the activation ribs 1 30 in alignment with the activation grooves 46, thus the connector is 
in the unlocked position and ready for axial movement to the activated position. It can be 
appreciated that other means can be provided for blockmg axial movement of the connector 

25 such as a cotter key that grips the first sleeve member 30 and abuts a top of the second sleeve 
member 32 to prevent axial movement until the cotter key is removed by medical personnel. It 
is also possible to apply tape or a shrink wrap material across the junction of the first and 
second sleeve members that must be removed before the sleeve members may be moved 
axially with respect to one another. Numerous other stmctures can be contemplated without 

30 departing from the present invention. 
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To move from the locked position to an unlocked position, the first member 30 is 
rotated with respect to the second member 32, thereby urging the locking ribs 50 past the 
protuberance 148, to bring the activation ribs 130 into alignment with the activation grooves 
46. In urging the locking ribs 50 past the protuberance 148, the second sleeve 32 may 
5 temporarily take on an oval shape, as the locking ribs 50 contact the protuberances 148, to 
allow for the rotation of the first and second sleeve members 30 and 32. When m the unlocked 
position, the locking ribs 50 will be in alignment with the gripping ribs 1 16 to provide a visual 
indication that the connector 10 is in the imlocked position. In this position, the first and 
second sleeve members 30 and 32 can be moved axially into the activated position shown in 
10 Figure 3. 

Moving from the inactivated position (Fig. 2) to the activated position (Fig. 3), the first 
and second sleeves 30 and 32 are moved axially until the bushing 52 of the first sleeve 30 
contacts the uppermost end 122 of the second sleeve to stop the axial movement. In this 
position, the enlarged portion 51 of the locking ribs 50 will lock into the locking groove 144 

15 and form an interference fit therein. It can also be appreciated that unlike the device of the 
'209 Patent depicted in Figure 1 that requires a third step to move it to a locked position, the 
present connector automatically locks upon being moved into the activated position. 

Thus, once placed in the activated position, the connector cannot be moved back to an 
inactivated position. Further, while in the activated position, the first and second sleeve 

20 members will be blocked from relative rotational movement. Thus, it can be said that means 
are provided for automatically locking the connector in the activated position. The means for 
locking can be said to be responsive to movement of the connector into the activated position. 
The means for locking in the activated position also includes means for blocking the first and 
second sleeve members from relative rotational movement. 

25 It can be appreciated that other structures could satisfy the means for locking the 

connector in the activated position such as providing an interference fit between the first and 
second sleeve members by tapering one of the sleeve members or by providmg flanges on the 
first and second sleeve members that lock with one another when in the activated position. 

Also, in the activated position the piercing member 34 pierces the closures 22 and 24 of 

30 the first and second containers 12 and 14 placing the containers in fluid communication to 
allow for reconstitution of the lyophilized drug in the vial 14. 
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The device 1 0 further includes a means for determining that the connector is in the 
activated position. In a preferred form, the means for determining is a color coding system 
wherein the first sleeve member 30 is one color, such as blue, and the second sleeve member 
32 is another color, such as white. The bushing 52 is a different color than the first sleeve 
5 member 30. When the first sleeve member 30 and the second sleeve member 32 are fully in the 
activated position, none of the color of the first sleeve member 30, in this case blue, will be 
visible. If any of the color, in this case blue, shows, the medical personnel will inmiediately 
know that the device 1 0 is not fiiUy activated. 

To operate the present connector in a method for reconstituting a drug, the connector is 
1 0 removed firom a packaging in which it is shipped, the foil barrier 58 is peeled from the bushing 
52, and the port 20 of the flexible bag 12 is inserted into the central channel 35 of the first 
sleeve member 30. When inserting the port 20 into the first sleeve 30, the cannula 34 will 
puncture the septum 22 of the flexible bag 12. When the septum 22 is pierced and the diluent 
of the flexible bag 12 fills the cannula 34. However, at this point the flexible bag 12 and the 
1 5 vial 1 4 are not in fluid communication due to the disk 1 04 that blocks fluid flow through the 
cannula 34. 

The medical professional will also remove the sealing means 1 1 1 fi'om the second 
sleeve member 1 1 1 and fixedly dock the vial 14 into the receiving chamber 86. The connector 
may be docked to the container 12 and the vial 14 in either order. 

20 Having both the vial 14 and the flexible container 12 docked and the septum 22 

punctured, the medical professional will then rotate the first sleeve 30 in relation to the second 
sleeve 32, as described above, to place the device 10 in the unlocked position. Once the device 
10 is in the unlocked position, the medical professional will move the first sleeve 30 axially in 
relation to the second sleeve 32 until the bushing 52 abuts the uppermost end 122 of the second 

25 sleeve member 32 causing an end of the cannula to puncture the rubber stopper 24 of the vial 4. 
Once the rubber stopper 3 is punctured, the first and second containers 12 and 14 will 
be in fluid communication. The medical professional will then squeeze the flexible bag 12 to 
force fluid into the vial 14 to reconstitute the dmg, shaking the vial 14 as necessary to facilitate 
reconstitution, and inverting the vial 14 in relation to the bag 12 to allow the reconstituted drug 

30 to flow back into the container. 
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It can be appreciated that certain steps of this method of reconstituting a drug may be 
unnecessary if the device is received preattached to the vial, preattached to the fluid container 
or preattached to both the vial and the flexible container. 

In another embodiment of the present container, the beveled end 73 of the cannula 34 
5 could be replaced by a blunt end 1 50 as shown in FIG. 7. 

As shown in Figure 8, it is possible to preattach the vial 14 to the connector 10 for 
shipment. Preattaching the vial 14 to the connector 10 may be accomplished using aseptic 
connecting techniques. The preferred method of preattaching the device 10 to the vial 14 
include the steps of: 1) positioning the vial 14 and the second end 82 of the second sleeve 32 

10 mto opposed relationship, 2) simultaneously bringing the segmented fingers 84 into operative 
engagement with the vial 14 while sterilizing the connection by exposing the connecting 
portions of the device 10 and the vial 4 with, preferably, gamma sterilization or other 
sterilization energies or techniques, 3) locking the vial 14 to the connector. These steps can be 
carried out manually by medical personnel or automatically by a machine. The preattached vial 

15 14 and connector 10 assembly may be wrapped in an outer pouch for shipping and storage. 
Figure 1 0 discloses another embodiment of the connector device of the present 
invention, generally refen-ed to with the reference numeral 200. The connector device 200 of 
Figure 10 is similar to the connector device 10 disclosed in Figures 2-9 and identical elements 
will be referred to with identical reference numerals. 

20 As shown in Figure 1 0, the connector device 200 has a sealing member 202 in the form 

of a septum similar to the sealing member 103 in Figures 2-9. The septum 202 generally 
comprises a disk 204 and a sheath 206. The disk 204 has a first surface 208 opposing a second 
surface 210. The disk has a peripheral edge 212 comprising a chamfer peripheral surface 214 
adjoinmg a vertical peripheral surface 216. The disk 204 also has a central opening 222 

25 extending into the disk 204 firom the second surface 210. An annular ridge 21 8 extends 

outwardly firom the second surface 2 1 0 at the central opening 222. The annular ridge 2 1 8 has 
an outwardly flaring sidewall 220. The disk 204 further has a well portion 224 extending 
outwardly firom, or below, the first surface 208. The well portion 224 has a base 226 and an 
annular sidewall 228 extending fi-om the base 226 and connected to the first surface 208 at the 

30 central opening 222. The base 226 has a center portion 230 that confronts the distal end of the 
piercing member 34. The well portion 224 is defined by the annular sidewall 228 and base 226 
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extending below the first surface 208 of the disk 204, The piercing member 34 is spaced from 
the center portion 230 at a distance "d." As shown in Figure 10, the central opening 222 leads 
into and is in communication with the well portion 224. 

As also shown in Figure 10, the sheath 206 extends from the first surface 208. The 
5 sheath 206 has a sidewall 23 1 . The sidewall has a first section 232, a second section 234 and a 
third section 235. The second section 234 has a thinner sidewall than the first section 232. 
Thus, the second section 234 represents a portion of the sidewall 231 having a smaller outer 
diameter than an outer diameter of the remainder of the sheath 206 (first section 232 and third 
section 235). This smaller outer diameter portion, or second section 234 defines a collapsing 
10 zone. The sheath 206 also has an enlarged distal end 236 at the third section 235 dimensioned 
to fit over the hub 71 of the piercing member 34. 

Figure 1 0 also shows the annular shelf 97, the fingers 84 and standing ribs 92. The 
connector device 200 has modified gussets 240 positioned between the annular shelf 97 and the 
standing ribs 92. The modified gusset 240 is blunt-ended and has an inclined gusset surface 
15 242 extending from the aimular shelf 97. The front, axially-inward end of the gusset 240 is 
essentially flush with the annular shelf 97. The modified gusset 240 also has a vertical gusset 
surface 244 extending along the finger 84 and adjoining the inclined gusset surface 242. The 
inclined gusset surface 242 and the vertical gusset surface 240 are dimensioned to closely 
confront the chamfer peripheral surface 216 and the vertical peripheral surface 214 
20 respectively. In a preferred embodiment, there are a total of nine modified gussets 240 spaced 
around the circumference on the aimular shelf 97. The gussets 240 cooperate to maintain the 
proper alignment of the sealing member 202 adjacent the annular shelf 97 wherein the center 
portion 230 is maintained adjacent the piercing member 34. As the gussets 240 are blunt- 
ended and the sealing member 202 is positioned over the inclined gusset surfaces 242, the 
gussets 240 do not contact an end surface of the closure the vial 14. 

The gussets 240 fimction to center the sealing member 202 and reduces the tendency 
for the sealing member to become misaligned when connecting a vial to the connector. 
Misalignment can possibly cause the piercing member to first pierce through a wall of the 
sheath and then through the disk and into the closure 22 of the vial 14. While the vial 14 is 
ultimately pierced, the piercing member passes through a potentially unsterile environment. 



wo 99/27886 PCT/US98/24665 

21 

This potential misalignment problem is prevented with the connector 200. First, the 
gussets 240 cooperatively maintain the septum 202 properly aligned with the vial 14. The 
inclined gusset surface 242 confronts the chamfer peripheral surface 216. The vertical gusset 
surface 240 confronts the vertical peripheral surface 214. These cooperating surfaces properly 
5 position the disk 204 of the septum 202 within the vial receiving chamber 86, and prevent the 
disk 204 from being pushed to one side. 

The well portion 224 also assists in reducing the tendency for the piercing member to 
pierce through the first section 232 of the sheath 206 and then through the center portion 230. 
Because the well portion 224 is recessed below the first surface 208 of the disk 204, the 

1 0 distance between the center portion 230 (the actual surface pierced by the piercing member 34) 
and the distal end of the piercing member 34 is reduced to a distance "d." Because the distance 
"d" is minimized, the distal end of the piercing member 34 only travels a short distance before 
it pierces the center portion 230. In addition, the thicknesses of the second section 234 and 
annular wrall 228 are dimensioned such that these are the first surfaces to collapse as the 

15 piercing member 34 is advanced towards the vial 14 during activation. The second section 
234, or collapsing zone collapses prior to any remaining portion of the sheath 206. These 
structures of the gussets 244 and septum 202 prevent the piercing member 34 from improperly 
piercing a sidewall of the sheath 206 at, for example, the first section 232. The structures 
assure that the piercing member 34 first pierces the center portion 230 and then the closure 22 

20 of the vial 14. Also, the well portion 224 and annular ridge 218 cooperatively provide the 
opening 222 that is deeper than, for example, the depth provided by the annular ridge 109 of 
the septum 103 of Figures 2-10. This deeper opening 222 provides an enhanced wiper seal by 
the outwardly flaring sidewall 220 over the vial 14. 

Figure 1 1 shows a modified connector device 300. At the one end of the connector 

25 device 300, the device is fitted with a conventional luer lock 302. The luer lock can cooperate 
with a mating luer lock 302 connected to a syringe 304. It is understood that the male and 
female components of the luer lock 302 can be switched between the connector 10 and the 
syringe 304. Thus, the first container 12, previously described as a liquid container that 
typically comprises a flexible bag, could also comprise the syringe 304. The syringe 304 

30 contains a liquid that can be used to reconstitute the drug in the vial 14 via the piercing 
member 34 piercing a closure of the syringe 304. 
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While the specific embodiments have been illustrated and described, nimierous 
modifications come to mind without significantly departing from the spirit of the invention, 
and the scope of protection is only limited by the scope of the accompanying claims. 
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CLAIMS 

We claim: 

1 . A connector device for establishing fluid commimication between a first 
container and a second container comprising: 

a first sleeve member having a first and a second end, the first sleeve member having at 
the first end a first attaching member adapted to attach to the first container; 
5 a second sleeve member having a first end and a second end, the second sleeve member 

being associated with the first sleeve member and movable with respect thereto firom an 
inactivated position to an activated position, the second sleeve member having at the second 
end a second attaching member adapted to attach the second sleeve member to the second 
container; 

10 a first and second piercing member projecting from one of the first and second sleeve 

members for providing a fluid flow path from the first container to the second container; and 
means for independently hermetically sealing the first and second piercing members. 

2. The device of claim 1 wherein the means for independently sealing comprises: 
1 5 a seal material releasably attached to the first end of the first sleeve member; and 

means for hermetically sealing the second piercing member. 

3. The device of claim 2 wherein the seal material is selected from the group 
consisting of a foil, a polymeric material and a paper. 

20 

4. The device of claim 2 wherein the means for sealing the second piercing 
member is a septum. 

5. The device of claim 4 wherein the septum has a disk and a sheath extending 
25 axially away from the disk. 
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6. The device of claim 5 wherein the disk further comprises a centrally disposed 
annular ridge axially extending in a direction away from the sheath, the annular ridge being 
dimensioned to fit over a closure of the second container. 

7. The device of claim 6 wherein the disk further comprises a centrally located 
piercing section having a smaller cross-sectional thickness than a portion of the septum outside 
the piercing section. 

8. The device of claim 5 wherein the septum is capable of deforming to 
accommodate dimensional variations in a height of a closure of the second container. 

9. The device of claim 6 wherein the annular ridge is capable of folding radially- 
outward to account for dimensional differences in a height of a closure in the second container. 

1 0. The device of claim 5 wherein the sheath covers the entire second piercing 
member. 

1 1 . The device of claim 1 0 wherein the sheath has an enlarged distal end. 

12. The device of claim 5 wherein the disk has a chamfered peripheral surface. 

1 3. The device of claim 5 wherein the sheath is dimensioned to fit over the entire 
piercing member. 

1 4. The device of claim 1 2 wherein the piercing member is held by a hub and 
wherein the sheath has an enlarged distal end dimensioned to fit over the hub. 



1 5. The device of claim 6 wherein the annular ridge has a sidewall that tapers 
axially-outward from a proximal end to a distal end. 
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16. The device of claim 1 wherein the first and second sleeve members each have a 
generally cylindrically shaped wall having inner and outer surfaces. 

1 7. The device of claim 1 6 further comprising a means for locking the connector in 
5 the activated position. 



1 8. The device of claim 1 7 wherein the means for locking comprises: 
a first flange on the first end of the second sleeve; 

a pair of opposed locking grooves positioned on the flange of the first end of the second 
10 sleeve; and 

a pair of opposed locking ribs on the exterior surface of the wall of the first sleeve, the 
locking ribs extend axially along a portion of the wall for sliding m the lockmg grooves, the 
locking ribs each having an enlarged portion proximate the first end of the first sleeve and form 
an interference fit m the locking grooves for locking the connector in the activated position. 

15 

1 9. The device of claim 1 6 wherein the first sleeve member is slidingly mounted 
within the second sleeve member for relative axial and rotational movement th^in. 

20. The device of claim 1 9 wherein the connector is movable between locked and 
20 unlocked positions, wherein in the locked position the first and second sleeve members are 

blocked fi-om relative axial movement, and wherein in the unlocked position, the first and 
second connectors are capable of relative axial movement. 

2 1 . The device of claim 20 wherein the connector fiirther comprises: 

25 a pair of opposed activating grooves extending axially along a portion of the outer wall 

of the first sleeve member, and terminating short of the first end of the first sleeve member; 
a first flange on the first end of the second sleeve member; 

a pair of opposed activating ribs positioned on the interior surface of the second sleeve 
member and extending axially fi-om proximate the second end and terminating short of the first 
30 flange to define a gap therebetween, the activating ribs are dimensioned to fit within the 
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activating grooves to allow for relative axial movement of the first sleeve member with respect 
to the second sleeve member; and 

wherein in the locked position the activating ribs are out of alignment with the ' 
activating grooves and the first and second sleeve members cannot be moved axially with 
respect to one another and in the unlocked position the activating ribs are in alignment with the 
activating grooves and the first and second connector members can be moved axially with 
respect to one another. 

22. The device of claim 20 wherein the connector is moved between the locked and 
the unlocked position by rotating the first sleeve member with respect to the second sleeve 
member. 

23. The device of claim 1 9 further comprising means associated with the connector 
for preventing the first sleeve member from becoming disassociated fi^om the second member 
when moving from the inactivated position to the activated position. 

24. The device of claim 23 wherein the means for preventing the first and second 
sleeve members firom becoming disassociated comprises a bushing connected to the first end of 
the first sleeve member. 

25. The device of claim 1 wherein the second attaching member comprises a 
receiving chamber. 

26. The device of claim 25 wherein the second attaching member further comprises 
a plurality of circumferentially spaced and axially extending segmented fingers, the fingers 
having a proximal end and a distal end, the fingers adapted to engage the second container. 

27. The device of claim 26 wherein the fingers have lead-in section at the distal end 
of the fingers. 
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28. The device of claim 26 wherein at least one of the fingers has a radially 
inwardly tapering tab extending from the lead-in section. 

29. The device of claim 26 wherein a plurality of the fingers have radially inwardly 
5 tapering tabs extending firom the lead-in section. 

30. The device of claim 26 wherein at least one of the fingers has a standing rib. 

3 1 . The device of claim 29 wherein a plurality of the fingers have standing ribs. 

10 

32. The device of claim 3 1 wherein the fingers extend fi-om an annular shelf and 
wherein the standing ribs extend axially from a gusset on the annular shelf outward to a 
position proximate the distal end of the fingers to act as a guide adapted to assist in connecting 
to the second container. 

15 

33. The device of claim 30 wherein the standing rib tapers radially inwardly 
proximate the distal end of the fingers. 

34. The device of claim 3 1 wherein the fingers having tabs and the fingers having 
20 standing ribs are disposed in alternating order about the annular shelf 

35. The device of claim 25 wherein a portion of the second piercing member is 
positioned in the receiving chamber when the connector is in the activated position and the 
second piercing member is outside the receiving chamber when the device is in the inactivated 

25 position. 

36. The device of claim 3 1 wherein the tabs and fingers are independently flexible 
to facilitate attaching to the second container. 
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37. The device of claim 1 9 wherein the first end of the first sleeve member has an 
opening with a plurality of tabs extending inwardly and downwardly therein, the tabs being 
adapted to attach to the first container. 

38. The device of claim 1 further comprising a bushing connected to the first end of 
the first sleeve, the device further comprising a stop on the first sleeve member for abutting an 
end of the bushing. 



39. The device of claim 38 wherein the stop comprises a plurality of 
circumferentially spaced bumps positioned proximate the first end of the first sleeve member. 

40. The device of claim 1 wherein the connector further comprises a means for 
visually indicating that the connector is in the activated position. 

41 . The device of claim 40 wherein the means for visually indicating that the 
coupling device is in the activated position comprises a color indication. 

42. The device of claim 4 1 wherem the first sleeve member has a first color, and the 
second sleeve member has a second color perceptively different than the first color, wherein 
the first color is not visible when in the activated position. 

43 . The device of claim 1 fiirther comprising means for locking the device in the 
activated position. 

44. The device of claim 43 wherein the means for locking the device comprises 
means for preventing relative axial movement of the first and second sleeve members. 

45. The device of claim 44 wherein the means for preventing relative axial 
movement is responsive to moving the device into the activated position. 
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46. The device of claim 45 wherein the means for preventing relative axial 
movement of the first and second sleeve members comprises an interference fit between the 
first and second sleeve member. 

5 47. The device of claim 46 wherein the interference fit comprises: 

a first flange on the first end of the second sleeve, the first flange extending axially 
downward and terminating short of a top of the activating ribs to define a gap therebetween; 

a pair of opposed first and second locking grooves in the first flange, each of the first 
and second locking grooves being spaced firom one another; 
10 a set of locking ribs on the first sleeve member extending axially firom the second end 

of the first sleeve member and terminating short of the first end of the first sleeve member, 
each of the locking ribs having an enlarged end proximate the first end of the first sleeve 
member, the locking ribs being dimensioned to slide within the first and second locking 
grooves; 

1 5 a second flange on the second end of the first sleeve member that is positioned within 

the gap when in the activated position; and 

wherein the enlarged ends of the locking ribs provide an interference fit with the second 
lockmg grooves when in the activated position to prevent the device firom being moved back to 
the inactivated position. 

20 

48. The device of claim 1 fiirther comprising: 

means for visually indicating that the connector is in the unlocked position. 

49. The device of claim 48 wherein the means for indicating the device is in the 
25 unlocked position comprises: 

a gripping rib extending axially on a portion of the first sleeve member, the gripping rib 
being in alignment with one of the locking ribs when the connector is in the unlocked position. 



30 



50. The device of claim 49 wherein there are two gripping ribs on opposite sides of 
the furst sleeve member. 
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51. A connector device for establishing fluid communication between a first 
container and a second container, the device comprising: 

a first sleeve member having a first end and a second end, the first sleeve member 
having at the first end a means for attaching to the first container; 

a second sleeve member having a first end and a second end, the second sleeve member 
being associated with the first sleeve member and movable in an axial direction with respect 
thereto firom an inactivated position to an activated position, the second sleeve member having 
at the second end a means for attaching to the second container; 

a first and second piercing member projecting fi-om one of the first and second sleeve 
members for providing fluid flow fi-om the first container to the second container; and 

means for independently hermetically sealing the first and second piercing members. 

52. The device of claim 51 wherein the means for connecting to the second 
container comprises: 

a receiving chamber. 



53 . The device of claim 52 fiirther comprising: 

a plurality of chcumferentially spaced and axially extending segmented fingers on the 
second end of the second sleeve member circumjacent the receiving chamber, the fingers being 
adapted to engage the second container. 



54. The device of claim 52 wherein a portion of the second piercmg member is 
positioned within the receivmg chamber when the device is in the activated position and 
wherein the second piercing member is outside the receiving chamber when in the activated 
position. 



55. The device of claim 5 1 wherein the first and second piercmg members are 
integral with one another. 



56. The device of claim 51 wherein the first and second piercing members are made 
of different materials. 
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57. The device of claim 56 wherein the first and second piercing members are made 
from a material selected from the group consisting of plastic, and metal. 

5 58. The device of claim 1 wherein the second attaching member comprises: 

a receiving chamber dimensioned to accommodate the closure of the second container 
and having an annular shelf; 

a plurality of circumferentially spaced and axially extending segmented fingers 
circumjacent the receiving chamber, wherein the fingers have a proximal end and a distal end; 
10 and 

a plurality of gussets circumferentially spaced about the aimular shelf, the gussets 
having an inclined surface extending between the annular shelf and the segmented fingers and 
having a vertical gusset surface extending fix)m the inclined surface along a portion of the 
finger. 

15 

59. The device of claim 58 wherein at least one of the fingers has a standing rib. 

60. The device of claim 58 wherein a plurality of the fingers have standing ribs. 

61 . The device of claim 59 wherein the standing rib extends from the gussets 
axially outward to a position proximate the distal end of the fingers to act as a guide adapted to 
assist in connecting to the second container. 

62. The device of claim 58 herein a plurality of fingers have standing ribs and a 
plurality of fingers have radially mwardly tapering tabs extending fix)m a lead-in section 
wherein the fingers with the tabs and the fingers with the ribs are disposed in alternating order 
about the receiving chamber. 

63. The device of claim 58 fiirther comprising a septum having a disk, the septum 
positioned within the vial receiving chamber, the disk having a chamfer peripheral surface and 
a vertical peripheral surface. 



wo 99/27886 



32 



PCT/US98/24665 



64. The device of claim 63 wherein the vertical peripheral surface confronts the 
vertical gusset surfaces and the chamfer peripheral surface confronts the inclined peripheral 
surfaces. 

5 

65. The device of claim 4 wherein the septum comprises: 
a disk having opposing first and second surfaces: 

a well portion extending axially from the first surface of the disk and a sheath extending 
axially from the well portion; and 
10 an annidar ridge extending from the second surface of the disk, the annular ridge having 

a flared distal end, the distal end bemg dimensioned to form a fluid tight seal with the closure 
of the container. 

66. The device of claim 65 wherein the well portion comprises a base and an 
1 5 annular wall portion, the annular wall portion connected to the disk at the first surface. 

67. The device of claim 65 wherein the sheath has sidewalls and a portion of the 
sidewalls has a smaller outer diameter than an outer diameter of the remainder of the sheath to 
define a collapsing zone. 

20 

68. The device of claim 67 wherein the collapsing zone is located in a generally 
central portion along a length of the sheath. 



25 



69. The device of claim 65 wherein the septum has a chamfer peripheral surface 
adjoining a vertical peripheral surface. 
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